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paper proposes a method for 
concrete, i.e. Young's modulus, E, ..... A .. ,U.-

through the same bending test on a ...... J._..., ......... , ...... 

Firstly, fracture energy is evaluated 
deflection curve the bending 
Recommendation. Secondly, the Young's ..... ,."", ................. .., 

compliance the same curve. 
evaluated from peak load same curve 
derived from the relationship between net 
ratio and brittleness number, or the 'T""111 ""r'l 

by the Fictitious Crack Model. 
The proposed method is verified 
the literature. detennined 

strength are about 10% lower than the l"'A•"'r"'''"""'"·t">rll 1"' ...... 

other separate experimental tests. From a 
agreement may be satisfactory. The method 
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testing method for the detennination fracture properties of 
concrete, though assessment is needed. 

mechanics models such as Fictitious Crack Model 
•Arn,r.rcr et al. 976), Crack Band Model by Bazant 

mechanics 

to a realistic description of fracture 
a result, those models predict size effects of 

of and lightly reinforced concrete 
approaches on strength 

Mechanics (LEFM). 
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introduction of 
(FPZ), 

it is to 
great care should be 
to obtain stable and 

988). Fortunately, 
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985). 

detennined from compressive or tensile tests. 
resonance frequency to detennine 

(1 1 ). Besides, Young's modulus is also 
load-CMOD curves, e.g. 

load-deflection curve, e.g. 

---A·• .... AA.... tests on or 
..... A ........... tests are more to 
machines. Alternatively, ............... ... 

tests. If there are no initial stresses 
splitting tensile strength should be more or less higher 

. ....,.,,".._,, ... , fracture energy, Young's modulus and tensile strength are 
the same three-point bending test on a notched beam (Fig. 
energy is as usual evaluated from the area under the load

deflection curve. Young's modulus is evaluated from the initial compliance 
of the same curve whereas the tensile strength can be derived from the peak 

load. 
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Fig. 4 Proposed method for the detennination of 
modulus, tensile strength from a single bending test on a 

3.1 Young's modulus 
Young's modulus may be evaluated 
deflection curve obtained from a IJ....,~ ......... ,.., 

Total deflection at the load 
deflection due to existence of a crack and 
defonnation of the beam when no crack exists: 

8 = 8 er + 8 ncr · 

The second tenn on the right-hand 
using the following equation from the 

P ,,3 
8 = <J 

ncr 4Ebd3 

fonner can be calculated from the equation (Tada et 

8 = 3PS2 V ~ 
er 2Ebd2 (). 

s 

975)): 

Where the last tenn on the right-side of the equation is a geometry function. 
For SI d = 4, it is expressed as: 

a aid 2 a a a a 
(-d) = (--/ d~) (5.58-19.57(-d) + 36.82(-d)2 

- 34.94(-) 3 +12.77(-) 4
). 

1-a . d d 
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as: 

) . 

+ 

981 ). 
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where Pmax is peak-point and S, b and d are span and .. ..,A.,.., ..... 

beam. p and g are density the concrete and gravity factor. 
Based on the data (Table 1) read from Fig. 5, a simple best-fitting 

equation is obtained to facilitate the of strength net 
strength. 

The curves Fig. 5 may fitted by: 

f, d-a 
. net = a(l + /3 (--r 
ft /ch 

It can be converted into: 

(!net )-2r = a -2r +a -2r /3 
ft 

1) 

which is much easy to curves. suggested by Bazant 
(1986), r = 0.44 could a very good fitting. 

The bets-fitting equation is found for a Id= 0.2 as 

d-a 
0.390 + 0.624( ~--) 0.44 

/ch 

for al d 0.6 as: 

Table 1 read 5 

d-a 

a Id= 0.2 
FCM 

0.05 l.97 1.94 
0.1 1.74 .73 
0.2 l.51 1.5 
0.5 1.20 1.20 
1.0 0.98 0.98 
2.0 0.78 0.78 
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2.07 
.82 
.58 

1.27 
1.04 
0.85 

2.03 
1.82 
1.59 
1.28 

.05 
0.84 



between the best-fitting equations and the 
the curves are given Table 1. 
to 0.6, the following equation is obtained by 

........ ,.......,,.,.;~_, ...... ~ ... u .... unt:~<Jir 1 '' between a Id= 0.2 and a Id= 0.6. 

S*b*d 

800*8 *203 
800*8 *203 
800*80*203 
800*8 *204 
800*8 *203 

0.390- 0.382 
+----

0.6-0.2 

a 0.624 - 0.575 a 
- -d)) + (0.575 + (0.6-

0.6- 0.2 /ch 

Notch 

aid 

0.295 
0.296 
0.295 
0.293 
0.293 

4) 
strength can be expressed as a function of 

A'- .. "'''""U'"""" and fracture energy as: 

J
-1.136 

I' 0.88 
.I nc>t (15) 

modulus from Eq. (8) is checked using the 
(1991) and the comparisons are made in Table 

of Young's modulus were obtained from 
the calculated values are around 10% 

values evaluated by 
et al . (1991 ). 

Compressive E Ecal 
strength compliance 

C; 
(GPa) (GPa) 

(x 10-8 ml N) 

26.8 l.36 24.62 22 
39.0 1.17 33.80 26 
49.4 1.05 34.65 29 
67.5 0.92 37.20 33 
78.2 0.83 40.30 36 

values detennined using 
as shown Table 3. 

(15) are compared with 
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